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ABSTRACT
Magnetic Sensors for Biodetection
by
Pranjali Vineet Sneha Deshpande
Dr.Biswajit Das, Examination Committee Chair
Professor of Electrical and Computer Engineering
University of Nevada, Las Vegas
The objective of thesis is to design magnetic sensor for detection of
nanoparticles.Recently integrating the standard laboratory techniques into
integrated system on chip is growing attention. Recent development is to
combine magnetic markers and magnetoresistive sensors together in magnetic
chip. In this thesis two magnetoresistive sensors were studied and designed.
By applying magnetic fields, magnetic nanoparticles can be manipulated onchip, which can be utilized to pull the molecules to specific binding sites or to test
the binding strength and distinguish between specifically and non-specifically
bound molecules
Magnetoresistive sensors are compatible with the semiconductor industry
which provides electronic signal directly as the output.Giantmagnetoresistive
senor are based on change in resistance due to the magnetization of electron
where as Tunneling device uses the probability of an electron to cross the oxide
barrier.
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW
In this thesis we aim to design and fabricate magnetic sensors for detection of
biomolecules. During last few years' tremendous research is shown in sectors
like pharmaceuticals industries, biotechnology and public health for developing
biosensor devices which are highly sensitive and have low cost and easy
handling and portability.
Biodetection plays a very important role which includes detection of
biomolecules like DNA, RNA and magnetic nanoparticles. One of challenge we
face is to develop an integrated chip for detection of these nanoparticles. We in
this thesis have taken a step to integrate it with Silicon technology with the help
of magnetoresistive effect.
These magnetic sensors need to be highly sensitive as the molecules to be
detection are of the order of few Angstroms. This sensitivity can be achieved by
stack of magnetic and non-magnetic layers. This thesis we studied two magnetic
sensors named Giant magnetoresistive sensor and tunneling magnetoresistive
device. Giant magnetoresistive device is based on electron spin in each of
magnetic and non-magnetic layer whereas in tunneling device it is the
penetration of electron through the barrier that is of importance.
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Fabrication of these devices is a very crucial task as the layers deposited on
silicon wafer are in nanometers and hence there is need of sophisticated
equipment to handle this. In this thesis we have designed and fabricated the
tunneling device and studied the l-V characteristics for tunneling current.
During the last thirty years there is tremendous research interest shown in the
use of magnetic nanoparticles for the application of highly sensitive biosensors.
Nano-materials have attracted very strong interest because of the physical,
electronic, and magnetic properties resulting from their quantum size [1]. The
potential for nano-technology is immensely diverse with potential applications in
the fields of electronics, biomedical devices, energy applications, military uses,
and waste management [2]. Nano-materials could be utilized to design nanotransistors, to develop and deliver medicines for locally treating diseases and
ailments within the body, and for the creation new age weapons and armor for
military applications [3]. Ultimately, nano-technology has the potential to offer
new, inexpensive, and more efficient materials for a greater range of applications
than achievable by bulk materials today. Within the field of nano-materials under
worldwide research is the subset of magnetic nano-materials. Magnetic
nanoparticles are useful for wide range of applications not only in large data
storage but also in medical imaging. Nanoparticles are used in technologies
which usually work at interface of biology, chemistry and physics area
particularly. One of the main and widely known applications of magnetic
nanoparticles is in data storage applications. With the discovery of magnetic FePt
on the surface the data storage density is about several terabits per square

2

centimeter. This storage capacity is much more then the most advanced
computer hard drives which have data storage density of 35 gigabits per
centimeter square or DVDs with 0.4 gigabits per centimeter square. The idea
behind this is to replace large magnetic grains that having random orientation
with single ferromagnetic nanoparticle. These materials are hard that is they do
not lose their magnetization direction easily when the external magnetic field is
removed [4].
In general a biosensor is used for detection of analyte and it consists of three
parts:
1) Biological

sensitive

material

(tissues,

organelles,

cell

receptors,

microorganisms, nucleic acids).
2) A transducer used to transform the signal from the interaction of the
analyte with the biological material into signal that can be analyzed and
measured by some other transducer.
3) Certain electronics which can display the results in user friendly manner.
Till now the method which is used to detect and identify biomolecules is
to collect samples and to send it to the laboratory for further analysis which is
very time consuming and a costly affair. Also trained and skilled person is
needed at each and every step of the process to judge the outcome and the
instrumentation which is required is expensive. For example a blood sample
which is unprocessed the steps include separation, amplification along with
detection of the molecules in the sample.
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Recently, the idea of integrating all these common laboratory tasks into a
single easy-to-use portable device has received growing attention both by
researchers and biotechnology companies [5, 6, and 7]. One more advantage is
that it is compatible with CMOS technology which is a great benefit.
In the past few years, there has been tremendous progress in the field of
micro fluidics. For example, Thorsen [8] reported on large-scale integration using
a fluidic multiplexor analogous to electronic integrated circuits, which enables
individual addressing of one thousand independent compartments by only 22
outside control lines. Additional work on micro fluidic DNA amplification [9], micro
fabricated reaction and separation systems [10] or entire lab-on-chip systems
[11] suggests that the preparation of biological samples for molecular detection in
an integrated micro fluidic device is evolving and will be commercially available
within the next few years.
Recently magnetic makers and magneto resistive detectors are combined into
a single chip for detection of biomolecules. Magnetoresistive devices are either
like Giant magnetoresistive (GMR) and Tunneling magnetoresistive (TMR) is
widely used in read heads in hard disk drives, magnetic random access memory
and also rotary sensors in automotive applications.

4

CHAPTER 2

MAGNETORESISTIVE DEVICES
2.1 Giant Magnetoresistive Material
The giant magnetoresistive phenomenon is found in magnetic materials which
are separated by a thin layer of non-magnetic material. When thin metallic film is
subjected to magnetic field there is large change in resistance observed. As the
thickness of the material reduces to the order of new nanometers there is
increase in the resistivity of conductor. Consider an example of bulk material
where the conduction electrons can travel a long distance before scattering or
changing directions, due to collision with another atomic particle. Mean free path
is the distance that an electron travels before scattering. However, in materials
like giant magnetoresistive which are very thin materials the electron cannot
travel the maximum mean free path distance. Electron will scatter at the
boundary of material rather than colliding at another atomic particle due to which
there is low mean free path for thin layer materials. It is therefore more difficult for
conduction electrons to travel in material and these results into higher electrical
resistivity. The chart below shows the relationship between resistivity of a
magnetic material such as iron or nickel, and the thickness of the material at very
small dimensions [12]. For purposes of scale, one nanometer equals ten
Angstroms; a copper atom has a diameter of about 3 Angstroms:
5

Resistivity

t

Resistance of the Material Decreases
as the Mean Free Path Length of
an Electron traveling in the material increases

5C

IOC

150

Mean Free Path Length of an Electron (Angstroms)

Figure 2.1 G r a p h represents resistivity of Gaint magnetoresistive material[12].

2.1.1 Structure Of Giant Magnetoresistive Device

Top layer (Magnetic material, Thickness 20-50 Angstroms)

Conductive Interlayer (Non-Magnetic material, Thickness 15-40
Angstroms)
Bottom layer (Magnetic material, Thickness 20-50 Angstroms)

Figure 2.2 Cross-section of Giant m a g n e t o resistance materials.
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The above diagram shows two magnetic layers separated by thin nonmagnetic layer. The two magnetic layers are anti-ferromagnetic which means
that magnetization of these two layers is opposite to each other in absence of
external magnetic field applied. The conduction electrons in magnetic materials
have a spin characteristic. The electrons are normally referred to as spin up
electrons when the material is magnetized in one direction, and spin down
electrons when the material is magnetized in the opposite direction [11]

2.1.2 Physics Behind Giant Magnetoreistance

<T^"^

^ ^

Magnetization direction of top film

,

i. —:

_ Z

_ 1 — . -I

Magnetization d irection of bottom film

O

Figure 2.3 Magnetization in a thin material in absence of magnetic field [12].

Layer 1: Spin UP electrons due to magnetization direction.
Layer 2: Conductive (Non-Magnetic layer).
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Layer 3: Spin DOWN electrons due to magnetization direction.
The diagram above shows some of the electron path in the Giant magneto
resistive material. The two arrows indicate anti-ferromagnetic coupling. As shown
in the above figure the spin UP electrons scatter at the interface with the spin
DOWN electrons and the spin DOWN electrons scatter at the interface with the
spin UP electrons. Due to the difference in the electron spin, electrons scatter at
the interfaces. This results in shorter mean free path of conductive material and
higher electrical resistance.

Figure 2.4 Magnetization in Giant magnetoresistive material [12]
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2.1.3 Design Of NVE GMR Sensor.
NVE magnetic sensors have significant advantages over Hall Effect and AMR
sensors as shown in the following chart. In virtually every application, NVE
sensors outperform the competition—often at a significantly lower installed cost.
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Power Consumption
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High

Cost

'%jm.
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Figure 2.5 Comparisons of NVE Sensors [12]

The sensor design is divided into three stages:
1. Magnetometers which detect the strength of applied magnetic field
2. Differential sensors which detect the difference in the applied magnetic
field strength at two different points on the sensor element.
3. Spin valve sensors, which change in output with the angular difference
between the pinned layer and the free layer of the GMR material while the
device is exposed to a saturating magnetic field [12].
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5K GMR Resistors

5K GMR Resistors
(Reference Elements)

Figure 2.5 Placement of Wheatstone resistors on the die

As seen in the above figures there are four 5Kohm resistors which form
Wheatstone bridge. These resistors are made of GMR material. There are also
two large plated structures on the die called as flux concentrators. These flux
concentrators cover two of the resistors in the Wheatstone bridge. Thus flux
concentrators serve as a shield for these two resistors that are called reference
elements and thus prevent the magnetic field from reaching them. On the other
hand the two resistors at the center of die are called as sensing elements. The
reason they are called so is when magnetic field is applied the two GMR resistors
at the center of the die (sensing elements) decrease in resistance whereas those
under the flux concentrator do not. Due to this imbalance there is sensor output
[12].
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BONDING DIAGRAM

Figure 2.7 Bonding diagram of the sensor pads to the die pads provided by NVE
Co operations
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Figure 2.9 Schematic of the sensor

Each resistor in the bridge configuration is of39.6kohm when measured. To
measure the sensor output in absence of the magnetic nanoparticles we need to
measure the sensors in 2-point resistance mode. Without some affect on the two
sense resistors Rs1 and Rs2 there is no effect on the bridge output. In addition
all the four bridge resistors change together so the bridge output(out+ and out)will be zero regardless of the field. Hence we need to use two point resistance
modes. In this case either a constant current is applied between V+ and V- and
14

voltage is measured between V+ and V- .Alternatively even constant bias can be
applied to V+ and V- and current is measured. Bridge configuration is used in
GMR sensor circuit to reduce the baseline drift. The two sensor bridge doubles
the signal of the traditional single sensor bridge.
Voltage is applied between board pin number 24 and 18

2.1.4 Circuit Design For 2-Point Resistance Mode.

V2
SOURCE CURRENT

SOURCE VOLTAGE

Figure 2.10 Circuit diagram of Wheatstone bridge.
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As seen in the figure Rs1 and Rs2 are sensing resistors and Rr1 and Rr2 are
reference resistors.

2.4 Calculating the output of the bridge configuration.
Sr

1.

Applied Measured
voltage current in
(Volts) absence of
magnetic field
(mA)
10
0.19

Measured
Percentage
current
in change in the
absence
of current
magnetic field
(mA)
0.20
5.26

2.

20

0.46

0.40

15

3.

25

0.53

0.55

3.77

4.

30

0.65

0.75

15.38

No

As seen from the above table percentage change is comparatively very low
for the detection of magnetic nanoparticles.

2.2 Tunneling Device
2.2.1 Physics of Tunneling Device
Quantum-mechanical tunneling takes place when a particle travels through a
thin potential barrier instead of overcoming it, without any energy variation.
Classical particle mechanics cannot be used to explain the tunneling effect.
According to classical particle mechanics, the behavior of electrons in an electric
field can be described as repulsive force acting on the electron thus decreasing
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its velocity until it is bought to rest and then, thrown back with its velocity
reversed. In wave mechanics, description of interaction of an electron in an
electric field is more similar to the particle mechanics, except that, in wave
mechanics the electron has a finite probability of penetrating beyond the classical
repulsive reflecting point. This penetration is called the tunnel effect [13].
Tunneling is the controlling mechanism in (a) current flow through a thin oxide
film in a metal-oxide-metal structure (this applies to most metal-metal contacts
since films of oxide or contamination are generally present), (b) electrical
breakdown in solid dielectrics (Zener tunneling), (c) current flow across a narrow
semiconductor p-n junction (Esaki tunneling) [13].
Tunneling phenomenon comes under majority carrier effect. In addition, the
tunneling time of carriers through the potential barrier is not governed by the
conventional transit time concept, but rather by the quantum transition probability
per unit time. This tunneling time is very short, enabling the use of tunnel devices
well into the millimeter-wave region [14]. Tunnel diodes are in principle capable
of fulfilling almost all circuit functions, but they are most useful as microwave
diodes or fast diodes [14].
In 1958, Leo Esaki, a Japanese scientist, discovered the current flow in a
negative-resistance region of a semiconductor diode. A peak was observed at
low voltage in the forward direction of the current-voltage characteristics in a p-n
junction. The peak was caused by quantum-mechanical tunneling of electrons
through the junction [15].
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Figure 2.11 Characteristics Curve of Tunnel Diode and PN Junction Diode [15]

This effect was observed in highly doped diodes. In normal junction diode, the
level of doping is very low, in the order of say, one impurity atom for ten-million
semiconductor atoms. When the doping level is low, there exists a wide depletion
region. Conduction occurs in the normal junction diode only if the voltage applied
to it is large enough to overcome the potential barrier of the junction [15].
In the tunnel diode, the doping concentration of the semiconductor materials
used in forming a junction is very high to the extent of one-thousand impurity
atoms for ten-million semiconductor atoms. This heavy doping produces an
extremely narrow depletion zone. Also because of the heavy doping, a tunnel
diode exhibits an unusual current-voltage characteristic curve as compared with
that of an ordinary junction diode [15].
The three most important aspects of this characteristic curve are (1) the
forward current increase to a peak (I ) with a small applied forward bias, (2) the
decreasing forward current with an increasing forward bias to a minimum valley
18

current (I ), and (3) the normal increasing forward current with further increases
in the bias voltage. The portion of the characteristic curve between I and I is the
region of negative resistance [15].
Tunneling occurs when a biasing voltage is applied. The electron may tunnel
from valence band to conduction band or vice versa. The conditions for tunneling
are, (1) occupied energy states exist on the side from which the electron tunnels,
(2) unoccupied energy states exist at the same energy level as in (1) on the side
to which the electron can tunnel, (3) the potential barrier height is low and the
barrier width is small for finite tunneling probability, and (4) momentum is
conserved in the tunneling process [14].

(a)

m

(c)

(d)

U)

Figure 2.12 Energy band diagram of tunnel diode
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Figure 3.2 a shows electron tunneling from the valence band into the
conduction band when reverse bias is applied. The corresponding current is also
designated by the dot on the l-V curve. When a forward bias is applied (figure
2.2c) a band of energies exists for which there are filled states on the n side
corresponding to states which are available and unoccupied on the p side. The
electrons can thus tunnel from the n side to the p side. When the forward voltage
is further increased there are fewer available unoccupied states on the p side
(figure 2.2d). If forward voltage is applied such that the band is "uncrossed", that
is, the edge of the conduction band is exactly opposite the top of the valence
band, there are no available states opposite filled states. Thus at this point the
tunneling currents can no longer flow. With still further increase of voltage the
normal thermal current will flow (figure 2.2e), and will increase exponentially with
applied voltage. One thus expects that as the forward voltage increases, the
tunneling current increases from zero to a maximum I and decreases to zero
when V=V +V , where V is the applied forward voltage, V and V are the amount
n

p

n

p

of degeneracy's on the n side and p side, respectively. The decreasing portion is
obtained after the peak current gives rise to the negative resistance region [16].
The tunneling probability of the particle is established by the barrier height
and width. The transmission probability is given by the modified Schrodinger
Wave equation,
2 1/2

D = exp (-2d [2m (V-E)/h ] )
Here, V is the barrier height and E is the energy of the particle. D is the
transmission probability and d is the thickness of the dielectric. For a particle with
20

a mass of an electron, the tunneling probabilities for d=lA, 10 A and 100 A are
-17

0.68, 0.02 and 3x10

, respectively. Thus an electron can tunnel through a high

barrier with distance in the size of an atom or a molecule. However, once the
distance gets increased more than atomic dimensions, the tunneling probability
goes small [16]. The tunneling probability decreases if the thickness of the
insulator layer is increased above 5nm.
2.2.2 Relation between magnetoresistance to MIM tunnel junction
Due to the change in magnetic orientation of the ferromagnetic layers in
Tunnel junction there is change in resistance of the junction. The layer between
the two ferromagnetic layers is insulator and that acts as a barrier and prevents
magnetic materials from physical contact. Electrons pass from one magnetic
layer to the other by crossing the oxide layer. Thus the oxide plays an important
role in deciding the reliability of magnetic tunnel junction. The oxide layer is very
thin for tunneling to take place.
Reduction in oxide thickness result in increase the field across the oxide.High
electric field coupled with low oxide thickness results in electron tunneling from
one metal layer to the other through the oxide. This current is called as tunneling
current [17].
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CHAPTER 3

DESCRIPTION OF METAL AND METAL OXIDE DEPOSITION
The deposition of metal and metal oxide on silicon wafer is crucial step in
building a tunneling device as these layers are in order of few nanometers. Metal
can be deposited on substrate by two different methods either by DC Sputtering
or Electron beam evaporation.
On Silicon the first layer of metal is deposited by Electron-beam evaporation.

3.1 Electron Beam Evaporation
Vacuum evaporation is used for the deposition of metals on discrete devices.
E-beam evaporation is one such vacuum deposition process. The need for
evaporation control and low contamination led to the development of electron
beam evaporation. E-beam evaporation is the process where in the electron
beam is used to melt the metal target and which in turn is evaporated onto the
sample. This evaporation source consists of a wafer cooled copper crucible with
a center cavity to hold the metal source. At the side of the crucible is a hightemperature filament. A high current is passed through the filament, which, in
o

turn, boils off the electrons. The negative electrons are bent 180 by a magnet so
that the electron beam strikes the center of the charge in the cavity. The high-
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energy electrons create a pool of liquid metal in the center of the charge. The
metal evaporates from the pool into the chamber and deposits on the wafers in
the holders at the top of the chamber. The water cooling mechanism maintains
the outer edges of the charges in solid state, thus preventing contaminants from
the graphite crucible from evaporating. E-beam evaporation is relatively
controlled for an elemental source.
E-beam evaporation takes place inside an evacuated chamber. The chamber
is a stainless steel enclosure inside which there is a mechanism to evaporate the
metal, wafer holder, and thickness monitors and pressure sensors are present.
The chamber is connected to a turbo vacuum pump, which evacuates the
chamber. The foremost reason or requirement for the process to be carried in
vacuum is to maintain uniform coating. When the pressure is sufficiently reduced,
the mean free path of the coating atoms is increased to exceed the dimensions
of the chamber. This ensures that the depositing atoms will strike the wafers
before hitting each other causing non-uniform depositions.
Film thickness is controlled by shutters and by rate and thickness monitors. A
closed shutter in the path of the evaporating materials allows the evaporation to
reach a steady rate before depositing on the wafers. The shutter also allows
rapid shutoff of the deposition. In-chamber monitors located near or above the
wafer holders, feedback information to the E-gun power supply which controls
the evaporation rate. Rate control is important for consistent and uniform film
structure [17].
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Melted Region

Crucible
Filament

Figure 3.1 E-beam Evaporation process [20].

3.1.2 Sputtering Method Of Deposition
The main application of sputtering is for the deposition of thin films. Sputtering
is a physical vapor deposition (PVD) technique used for precision coatings of thin
films in vacuum. In sputter deposition unlike other vacuum deposition processes,
the material usually arrive in atomic or molecular form. The atom diffuses around
the substrate with a motion determined by its binding energy to the substrate.
Usually the atoms migrate and then re-evaporate and combine with other atoms
to form nucleation sites. This in turn grows into an island. Eventually the islands
grow large enough to touch; this is the agglomeration or coalescence stage. The
24

coalescence proceeds until the film reaches continuity, this may not occur in
some cases until the film is several hundred Angstroms in average thickness
[18]. In the case of MIM diode, the film is about 150A.

3.3 Atomic Layer Deposition
As the IC technology falls below 65nm there is need for deposition of very
thin films ~1-2nm.Traditionally silicon di oxide is thermally grown and nitrated
,DRAM capacitor dielectrics have been deposited by Chemical vapor deposition
and barrier films are deposited by physical vapor deposition or by chemical vapor
deposition. With the use of PVD and CVD thickness is limited to 10-20nm.ALD
was introduced in 1974 by Dr. Tuomo Suntola and co-workers in Finland to
improve the quality of ZnS films used in electroluminescent displays. Recently, it
turned out that ALD method also produces outstanding dielectric layers and
attracted semiconductor industries for making High-K dielectric materials [19]
Atomic layer deposition is unique thin film growth method and differs from
other thin film deposition methods.ALD process describes self limiting growth
nature every time only one molecular or atomic layer can grow. Since each pair
of gas pulses (one cycle) produces exactly one monolayer of film, the thickness
of the resulting film may be precisely controlled by the number of deposition
cycles.
So, ALD offers the best possibility of controlling the film thickness and
surface smoothness in nanometer or sub-nanometer range [20].
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Atomic layer deposition has several advantages over Chemical vapor
deposition and Physical vapor deposition. These advantages are improved
surface morphology, low pin hole density, improved step coverage.ALD is based
on cycling the growth ambient between two or more precursors such that
formation of new phase is carried layer by layer[20].The first compound is
absorbed on the surface and then is removed followed by the presence of
second compound. In this process film of monolayer in thickness is formed
because of self limiting process.

100

7 5 UOS

aS
>

oo

35

50

l-PVD
25

PVD
J_

0.1

_L

1
10
100
1,000
Deposition rates (nm/min)

Figure 3.2 Step coverage and deposition rates v/s deposition techniques [21]

For the deposition Ti02 Cambridge Nanotech Inc Savannah 100 Atomic layer
Deposition system was used.
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There are two modes of operation of this system:
•

Continuously flowing nitrogen carrier gas while adding precursor and
pumping continuously.

•

Pulsing precursors with stop valve closed and pumping in between
pulses[22]
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CHAPTER 4

DESIGN OF THE TUNNELING DEVICE
Sample 1 Deposition Steps

Al deposition (100nm)
Silicon wafer (conducting 2")

Ti02 deposition (1.5nm)
Al deposition (100nm)
Silicon wafer (conducting 2")

Al deposition (100nm)
Ti02 deposition (1.5nm)
Al deposition (100nm)
Silicon wafer (conducting 2")
Figure 4.1 Deposition steps for AI/Ti02/AI on Silicon wafer (4 inch)
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Figure 4.2 Cross-section of the deposition process

Table 4.1 Description of the cross-section figure 4.2
Deposition of Aluminum first layer 100nm
/ / / /

Ti02 oxide deposition 1.5nm

.^*sn$P^J

SJ

Top layer of Aluminum 100nm

As seen from the above figure, this design is selected as there should not be
short circuit path between the top and bottom Aluminum. So here the deposition
of Ti02 plays an important role which acts like an insulator between the two
layers.
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To observe the l-V characteristics of the device contacts are necessary
between the bottom and top Aluminum layers. In the first sample we had
contacts between the top aluminum and the bottom contact used was silicon
substrate. The reason for using silicon as the bottom contact was to prevent the
damage of the device due to short circuit because of excess of current.
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Following is the experimental l-V curve data recorded .In this experiment the
applied voltages are manually varied and the corresponding emission current
were measured. Then the graph of ln(l/V2) was plotted against (1 A/).From the
straight line as seen in the graph work function is calculated from the gradient of
the straight line.
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Figure 4.3 Tunneling current for AI/Ti02/AI
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Figure 4.4 Graph represents Ln(IA/A2) versus (1/V)

Slope of the above linear region is 1.82.
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1.20E+00

SAMPLE 2

Al deposition (100nm)
Silicon wafer (conducting 2")

Ti02 deposition (1.5nm)
silver deposition (100nm)
Silicon wafer (conducting 2")

Cu deposition
(100nm)
Ti02 deposition (1.5nm)
Silver deposition (100nm)
Silicon wafer (conducting 2")

Figure 4.5 Deposition steps for Silver/Ti02/Copper on Silicon wafer (4 inch)
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Figure 4.6 Cross-section of the deposition process

Table 4.1 Description of the cross-section figure 4.4

///A
9J

Deposition of Silver first layer 100nm
Ti02 oxide deposition 1.5nm
Top layer of Copper 100nm

&
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CHAPTER 5

CONCLUSION AND RECOMMENDATION
In the first part of the research, we studied Giant magnetoresistive sensor and
tested it for sensitivity. It was observed that Giant magnetoresistive sensors are
sensitive to externally applied magnetic field. But the percent change in GMR
from the experiment was not suitable for magnetic nanoparticle detection.
Later tunneling device was explored. We designed and fabricated AI/Ti02/AI
Metal-lnsulator-Metal (MIM) tunneling device in lab. Here the thickness of the
oxide plays an important role. For tunneling effect to be seen the thickness
should be of the order of few Angstroms. We built device with 1.5nm.This device
being the first device was tested with respect to the silicon substrate and showed
the tunneling current.
In this project the future work can be replacing Aluminum with Nickel which is
a magnetic material and testing the device for tunneling current. Later subjecting
nickel to magnetic field and plotting same l-V curve for these. Temperature also
plays a role on tunneling current. How does temperature and magnetic field
affect current and is there any relation for detecting nanoparticles. This can be
considered as step towards detecting magnetic nanoparticles.

35

BIBLIOGRAPHY
[1] Kricka, L.J., 2001. Microchips, microarrays, biochips and nanochips: personal
St

laboratories for the 21 century. Clinica Chimica Acta 307, 219-223
[2] Figeys, D., Pinto, D., 2000. Lab-on-a-chip: A revolution in biological and
medical sciences. Analytical Chemistry 72 (9), 330A-335A
[3] Wang, J., 2000. From DNA biosensors to gene chips. Nucleic Acid Research
28(16), 3011-3016
[4] Ferguson, J.A., Boles, T.C., Adams, C.P., Walt, D.R., 1996. A fiber-optic DNA
biosensor microarray for the analysis of gene expression. Nature Biotechnology,
14, 1681-1684
[5] Figeys, D., Pinto, D., 2000. Lab-on-a-chip: A revolution in biological and
medical sciences. Analytical Chemistry 72 (9), 330A-335A
[6] Wang, J., 2000. From DNA biosensors to gene chips. Nucleic Acid Research
28(16), 3011-3016
[7] A biosensor based on magnetoresistance technology David R. Baselt a,*, Gil
U. Lee a, Mohan Natesan b, Steven W. Metzger b, Paul E. Sheehan a, Richard
J. Colton a Code 6177, Naval Research Laboratory, Washington DC 203755342, USA. Geo-Centers, Inc., 4601 Presidents Drive, Suite 210, Lanham, MD
20706, USA Received 16 February 1998; accepted 21 April 1998.
[12] www.nve.com Application Notes for GMR Sensors.
[13] Tunnel diodes, N. A. Lee, B. Easter, H. A. Bell.
[14] S. M. Sze: Physics of Semiconductor Devices, 516 (1981).
[15] http://www.tPub.com/neets/book7/26a.htm.
[16] Elements of Quantum Mechanics, Michael D.Fayer, page.62.
[17] Brian Chapman: Glow Discharge Processes, 202 (1980).

36

[18] Peter Van Zant: Microchip Fabrication, 402 (1997).
[19] "History of Atomic Layer Deposition (ALD)," Finnish MicroNanoTechnology
Network (FMNT), 24 April 2006.
[20]Nanostructures and nanomaterials.Synthesis .properties and applications,
Guozhong Cao, Published by Imperial College Press, 2004
[21] "Technology Backgrounder: Atomic Layer Deposition," IC Knowledge LLC,
24 April 06.

37

APPENDIX 1

OPERATION OF SHARRON E-BEAM EVAPORATOR EQUIPMENT USED FOR
DEPOSITION OF METALS
1. Placement
1.1. Mechanical pump and cryo pump compressor should be positioned in the
mechanical room or chase.
2. Connections
2.1. Electrical
2.1.1.

Main system, connect power @ 208 VAC 60 amps 3 phase 5
wire (with neutral) to the electrical panel in the system. As
viewed from the front, remove the right lower panel at the rear of
the machine to expose the electrical panel. The terminal block is
marked L1, L2, L3, N and G. The power line should be attached
to a disconnect box with lock out / tag out capability.

2.1.2.

System grounding instructions can be found in the Telemark
electron beam power supply manual on page 3-1.

2.1.3.

Varian scroll pump, connect mating plug marked "roughing pump
power" located within frame to pump power chord.

2.1.4.

CTI cryo pump, connect mating plug marked "cryo pump power"
located within the frame to cryo pump power chord.
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2.2.

Air, Nitrogen and Coolant

2.2.1.

Air @ 80 psi for valve operation, at rear of system bulkhead
fitting, 1/4" NPT female.

2.2.2.

Nitrogen @ 2 psi for chamber vent, at rear of system bulkhead
fitting, 1/4" NPT female

2.2.3.

Nitrogen @ 10 psi for cryo purge, at rear of system bulkhead
fitting, 1/4" NPT female

2.2.4.

Coolant for thermal evaporation feed throughs and crystal
monitor, at rear of system, 1/2" NPT female

2.2.5.

Coolant for cryo compressor, - 1/2" NPT female, inlet and outlet
located on compressor

2.3. Cryo pump
2.3.1.

Connect the CTI braided helium supply and return hoses to
corresponding connectors marked "supply" and "return" on the
cryo pump compressor and the cryo pump per CTI instruction
manual. The lines can be fed under the frame and connected to
the cryo pump.

2.3.2.

Connect the system cryo pump power chord (from the
compressor) to the marked connector on the cryo pump.

2.4. Varian scroll pump
2.4.1.

Attach pump to the KF25 port located under the cryo pump using
the supplied 1-3/80 x 1" ID clear wire reinforced PVC tubing,
KF25 half couplings and hose clamps. Additional tubing can be
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purchased from McMaster-Carr, p/n 5393K36. KF25 1" diameter
half nipple and clamps used to connect to the scroll pump will be
found in the miscellaneous parts box in a plastic bag marked
"roughing line".
2.4.2.

Connect the system scroll pump power chord (from the
compressor) to the marked connector on the cryo pump.

3. Operation
3.1. Cryo pump start up
3.1.1.

Turn keyed switch on valve controller to "manual"

3.1.2.

Turn mechanical pump switch on valve controller to "on"

3.1.3.

Ensure gate valve is closed

3.1.4.

Turn keyed "regenerate" (regen valve) switch on valve controller
to "open"

3.1.5.

Pump on cryo pump until 5 x 10"2 Torr pressure is reached on
thermocouple B readout on the Granville Phillips pressure
controller (approximately 2 - 3 hrs.)

3.1.6.

Close cryo pump regen valve

3.1.7.

Shut off mechanical pump

3.1.8.

Turn power switch on cryo compressor to "on" until hydrogen
vapor pressure dial gauge located on cryo pump reads zero

3.1.9.

Cryo pump is now ready for normal operation

3.2. Cryo pump regeneration
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3.2.1.

When the cryo pump's hydrogen vapor pressure gauge needle
does not indicate near zero, or the base pressure of the system
is too high, the cryo pump should be regenerated.

3.2.2.

To regenerate, place system in manual mode, ensure the gate
valve is closed and turn off the compressor.

3.2.3.

Open the purge valve for approximately three hours allowing the
cryo pump array to come to room temperature in a nitrogen
atmosphere.

3.2.4.

Close the purge valve, turn on the mechanical pump and open
the regen valve.

3.2.5.

Pump on the cryo pump until thermocouple B on the Granville
Phillips gauge reads 5.0 x10-2.

3.2.6.

Close the regen valve and shut off the mechanical pump.

3.2.7.

Start the cryo pump compressor.

3.2.8

When the cryo pump's hydrogen vapor pressure gauge needle

indicates
zero, Cryo pump is ready for normal operation.
3.3 Automatic Valve Sequencer Detail
1.1.1.

Press "start" button on valve control box

1.1.2.

Mechanical pump on

1.1.3.

30 second delay

1.1.4.

Roughing valve open
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1.1.5.

Thermocouple A gauge pressure set point channel #3 reaches 2
x10"1 Torr

1.1.6.

9 second delay

1.1.7.

Roughing valve closes

1.1.8.

5 second delay

1.1.9.

Roughing pump stops

1.1.10. Gate valve opens
1.1.11.

Chamber pressure is reduced by cryo pump

1.1.12.

Granville Phillips ionization gauge pressure set point channel #1
reaches 5x10"4Torr

1.1.13. Thermal source and egun are now operable, interlocked to
Granville Phillips channel #1
1.1.14.

Press "stop" button

1.1.15. Gate valve closes
1.1.16. Chamber vent valve opens for a timed period - 10 minutes.

1.2. Sigma Deposition Controller
1.2.1.

Please refer to the manufacturer's instruction manual located on
the CD shipped with the system for operation.

1.2.2.

Relays # 1 - 3 are assigned to crucible indexer for optional future
use.

1.2.3.

Relays # 4 - 6 are assigned to sweep control.

1.2.4.

Relay # 7 is assigned to planetary rotation control.
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1.2.5.

Relay # 8 is assigned to automatic shutter operation.

1.2.6.

Output # 1 is the electron beam gun

1.2.7.

Output #2 is the thermal source

1.3. Shutter operation
1.3.1.

Toggle switch positions of "open" and "close" are for manual
actuation.

1.3.2.

Toggle switch position "Auto" allows control by the Sigma
deposition controller

1.4. Thermal source operation
1.4.1.

The Sigma deposition controller controls source power manually
or automatically.

1.4.2.

Local / Remote switch is inoperable. Thermal source is always
controlled by the Sigma.

1.5.Telemark electron beam gun
1.5.1.

Please refer to the manufacturer's instruction manual for
operation of the electron beam power supply, controller and
sweep module.

1.5.2.

Interlocks
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1.5.3.

Electron beam gun - vacuum set point, door proximity switch,
high voltage feed through covers, high voltage transformer cover
and water flow switch.

1.5.4.

Thermal source - vacuum set point and door proximity switch.
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APPENDIX 2

OPERATION OF SAVANNAH 100 and 200 ATOMIC LAYER DEPOSITION
Software User Interface.
1. Buttons:
PrpgNti
I

OPEtll

Program Stop the Labview program
Stop Valve Open and close the stop valve to the pump
Ail heaters Turns all the heaters ON/OFF
2. Run Cycle Area

j Valve
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Pump(s)
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,"0

AbortPvUfi

3. Cycle matrix -Programming of the cycle recipe. Valve indicates the source
valve to be opened. Valve 0 connects to the Dl water precursor, and 1 to the
TMA precursor. Pulse sets the time for which the source valve is opened. Valves
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only respond to pulsing for t>0.007 sec. Expo gives the time for which the stop
valve is closed after pulsing the source and before pumping the chamber. See
exposure mode below. Pump sets the time between the pulses of each source, in
which the chamber is pumped and vapor removed. This should be long enough
so that the chamber reaches base pressure before next pulse.
4. Cycles -Programmed number of cycles. The current cycle number is displayed
underneath.
5. Flow - Sets the flow rate of carrier gas (here nitrogen with ultra-low water
content) as controlled by MFC.
6. Delay -Time delay before the start of a run. Usually set for temperature
stabilization.
7. Save Run - Check the box to save the run data in the file described below.
8. Run Time -Calculated total time for the current run.
9. Start/Abort Run - Start or abort the current run. The arrow turns bright green
as run starts and gray green as it stops.
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Reactor Pressure Plot area:
Gauge Pressure (Torr)
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Control the temperature of the heaters. Temperatures can be set by typing
values into the light blue areas. The current temperature readings are indicated
in the red area of each heater under the set point.
Heater settings: Maximum / Recommended (°C)
Solenoid valve 115/80
Center heater

400 / 250-300

Outer heater 200 /150 (80 minimum)
Tee and elbow 180/150
Pumping line 180/150
Operating Instructions:
Load/Unload
1. Close the stop valve and set the flow rate to 100 seem to vent the chamber.
Only vent when system hot (chamber >60°C). Leave system vented for as
short a time as possible.
2. Wait for the lid to rise slightly from the chamber. Please be patient, it is
important to wait for the chamber to reach atmospheric pressure to
preserve the integrity of the O-ring.
3. Lift the lid and place your sample in the center of the chamber. Close the
lid.
4. Open the stop valve to pump down the chamber. The base pressure
should be less than 1 Torr, depending on the flow rate.
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